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Optical Device 

Field of the Invention 

The invention relates to organic electroluminesoent devices^ dnd methods for the fbnnlno 
thereof^ 

Background of the Invention 

One dass of opto-electrlcal devils Id that using an oiganlo material for light emission or 
detection. The basic structure of these devices is a light enrnssive organic layer, for 
instance a film of a poly (p-phenylenevlnylene) TPPV") or polyfluorene, sandwiched 
between a cathode far injecting negative charge can^lers (electrons) and an anode for 
Injecting positive charge carriers (holes) into the organic layer. The electrons and holes 
combine in the organic layer generating photons. In WO 90/131^ the organic light- 
emissive material Is a polymer* In US 4,539,507 the organic lighiremisdive material Is of 
the dass known as small molecule materials, such as (8-hydroxyquinoilne) aluminium 
CAiqS^), in a practical device one of the electrodes is transparent, to allow the photons 
to escapa the de^ca. 

A typical organic light-emissive device C'OLED^) is fabricated on a glass or plastic 
substrate coated with a transparent first electrode such as Indlum-tlnoxide flTO"). A 
layer of a thin film of at least one elecboluminescent organic materldl covers tiie first 
elactrodd. Finally, a c»thoda oovars the layer of electroluminescent organic material. The 
cathode is typically a metal or alloy and may comprise a single layer, such as aluminium, 
or a pluralHy of layers sudi as calcium md aluminium. Other layers can be added to Uie 
device, for example to improve charge injection from the electrodes to the 
dectrolurYAteacant material. For example* a hole tr^iecHon laiyar such as poly(athylena 
dioxythiophene) / polystyrene sulfonate (PEOOT-PSS) or polyanlline may be provided 
between the anode and the electroluminescent matarlal. Whan a voltage Is applied 
between the electrodes from a power supply one of the electrodes acts as a cathode 
and the other as an anode 

For organic samicondui^ors imisortant characteristics ana the binding anerglas. 
measured with r^pect to the vacuum level of the electronic energy levala. parflculariy 
the "highest occupied molecular orbRar (HOMO) and the lowest unoccupied molecular 
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orbital" (LUMO) level. These can be esBmated liom measurements of photoemissfon 
and particularly measurements of the electrochemical potentials far oxidation and 
redudfon. It is well understood In this field that such energies ai« affected by a number 
of fiactors. such as the local envfnonment near an Interface, and the point on the eun/e 
(peak) (mm which the value is detemruned. Aocoriingly. the use of such values is 
Indicaiivo rather than quantitathn. 

in operation, holea are Injected into the device (hraugh the anode and electrons are 
Injected Into the device through the cathode. The holes and eledrana combine in the 
organic electroluminescent layer to fomi an axclton wMoh then undeisoee radiative 
decay to give light 

The active organic layers of an OLED are typically fomied by evaporation of the 
maleiials (In the case of small molecule materials), cr by solution deposiSon (&i the ease 
of polymeric or dendrtmeHc materials). Evaporation allows tbrmaiion of multiple iayeis 
in particular hole transporting and / or eiectnon transpcrtinfl laycs to assist transport of 
charge Into the electroluminescent layer. SoiuUon^eposIted materials are less 
amenable to fomnation of such multHayers because a soluHon-deposiled layer Is prone to 
dtesoluaon In the solveni used to dejMsK a subsequent layer. 

One approach that utilises charge ttansporOng materials ibr solution pnioassable 
systems without requiring fomiatlon of multiple layers is disclosed in WO 99/48160 and 
WO 02^8993 wherein a hole transporting component, an elecinn transporting 
component and an emissive component arB blended together. 

Another approach entails incoiponitibn of the charge transporShg units described m WO 
89/48160 Into an eiectroluminesceni polymer as described in WO 0Q/SS027 which 
discloses a blue electrolumineaoBnt polymer of Ibmiuia (a): 
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"FB" 



•PFB" 



"TFB" 



(a) 

whereinw+x+y =1.wa:0AO«sx+y«s0.6andna2 

in essence, the separate hole transporting, electron transporiing and emtefilve 
components disclosed In WO 99/48160 are combined into a Single molecula. 
Conjugated chains of the Fa repeat unft provide declfon transport: ll» TFB unit Is 
provided for the purpoae of hole transport; and the PFB r«peat unit i» provided a$ the 
emissive unit The use of a single eleelrolumlneBcant polymer, rather than a blend, has 
Ijeen found to Improve lifetime Of the elecArolumlnesoant materials. In particular blue 
eledrfilumlnesoent materials wMlsl retaining the Improved efflraency oonfbrred by charge 
transporting components (by IHMme" Is meant the time for the brightness of the Ol^ 
to halve at conatanl currant when operated under DC drive). The combination of units 
Into a single polymer may be preferable to a blend, for example intramolecular charge 
transport may be proferable to intennoieoular charge transport and potential dlffloulttes 
caused by undesirable forms of phase separaHon in Wends Is avoided. 

Co-pendtng application PCT QB03«>ia91 describes improvement in the flfetime of 
polymer (a) by removal of the hole transporting TFB" repeat unit to provide a polymer 
wherein both hole transport and emission Is provided by the "PFB" repeal unit 

The improvement In blue iHtetlme In repladng blends with these unblended -^Inflle 
component- polymeis Is particular significant because full colour Ol^Ds require red. 
green and blue emlsslva matartala however, In aplte of the aforementioned 
developments, bUie emissive materials known to date still suffer from relatively short 
liteHme In comparison to red and grean materials. 
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It Is th^refone an object of the present Invention to provide an electroluminesGent device, 
in particular an electroluminescent device comprlsfng a blue emitter, having Improved 
lifetime. 

Summary of the Invention 

The present Inventors have surprisingly found that deposition of e blend comprising a 
hole traneporting material and an electroluminescent material containing a hole 
tfansporUng unit provides Improved llfsttae. 

Accordingly, in a first aspect the invention provides a method Of fomning an 
electroluminescent device comprising the steps of. 

- prodding a substrata comprising a first elatitrode for Ihjei^bh of charge 
carriers of a flret type 

- forming a semiconducting region by depositing onto the sut>strate a 
composition comprising a first material for transporting charge carriers of the 
first type and a second material for amissior) and iransporUng charge carriers 
of the first type; and 

- depositing over the semicannductlng reckon a second electrode for irtjection of 
cdiaige ^Triers of a second type. 

By "hole transporting materiar Is meant a material capable of transporting holes fronr> a 
hole Injecting material to an electrotuminescent material. Pr^rably, the HOMO of the 
hole transporting material Is less than 0.7 eV, more prafi^rably less tiian 0.5 eV, most 
preferably less tiian 0.2 eV. from the HOh/IO of the anode or hole Ir^ectlng material. A 
typical electroluminescent device compriees an ariode having a workfimdion of 4.8 eV. 
Accord ingly, Oie HOItf O le vel of hole tranaportlnfl material s Is preferably around 4.8^6,6 
eV. Simiiarty, the cathode of a typical device will have a woridiinctlon of around 3 eV. 
Accordingly, the LUMO level of electron transporting materials is prsfersbiy around 3-3.5 
eV. The emissive segment of ttie second material is detarmlned by tiie component of 
the second material having the smallest HOMO-LUMO bandgap. 
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Preferably, the firat elefstrode Is an anode; tha second dectrode Is a cathode; the change 
carders of the first type are holes end the charge carriers of ttie second type are 
electninB* 

The second material may comprise separate charge transporfing and emissive regions 
or units. Mtemath^eiy. both of the functionG of charge transport end emission may be 
provided by the same region or unit of the emissive material. 

Preferaby. at least one (and more praferab^ both) of the first matenal and second 
materiel aie iMlymens^ more preferably conjugated polymers. 

Preferably, the first meteriel comprises an optionally substitutad repeat unit of formula 
(I): 

Ar N Ar 

JL 

(I) 

Wherein each Ar Is Independenay selected from optionally aubstlhited aiyl or heteroaryl. 

Preferably, each Ar Is optionally substituted phenyl. More preferably, the first repeat unit 
comprises an optionally substituted repeat unit of forniuFa (II): 




wherein each R is selected from hydrogen or a subsUtuent. Preferred substituents R 
Include solublllslng groups, such as alKyi or allcQxy groups, and groups for modi^ng the 
electron affinity of the repeat unit, such as electron withdrawing groups. 

Prelsrebly, the repeat urdt of fomiula (li) comprises a single nitrogen atom in lia 
bacMmne. 




Preferably, the second material fs a polymer oomiirlslng an optionally sut^futdd repeat 
unit of formula (III): 

At* — N — ^Ar^— N — Ar"'- — 

Ar^ Ar* 

v. 

(Ill) 

v\4ierein each Ar^ Independently represents an optionally substituted aryl or heteroaryl. 

Preferably, eadi Ar'' ie optlonany eubsfituted phenyl. More preferably, the flrst rapeat 
unit oomprisea an optionally eut>afnij(ed repeat unit of ftnrmula (IV): 




(IV) 

wherein R as defined above. 

Preferably, at least one (inore preferably both) of the fliat and second matisiiale are 
polymers ramprising a further repeat unit selected from optionally substituted fluorene, 
splntfluorenef Indenofiuorene, phenyiene or ollgophenylerie, preferably fluorene^ ntora 
preferably 9,9-dlsub8tituted 1luorene-2 J-diyl. 

Particularly prefenred ilirlher repeat units are selected from optionally substituted repeat 
units of fQnnu! a(V): 
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vtfherain eadi Is Inttepandently selected from optlonaHy eubatttuted alkyl, alkoxy, aryl 
and heteroaryl. Paitlculariy praferrad aubstHuenta are aeleotsd from branched or 
linear Cvwalkyl and hydrocariiyl aryl. 

Particulariy preferred further repeat units are optionally substituted 9.9-dlalM- « 9.9- 
dlalla»iy-2,7-fluorenyi, most preforably 9,9-di(n-oc^l]lluorsne. 

Preferably, the second ntaterlal Is capable of electroluminesoenoe In the vrafvelength 
range 400-500 nm, most preferably 430-600 nm. 

Preferably, the first material : second materlsd ratio la in the range 5:96 - 30:70, mora 
preli»rabiy 10*^-20:80. 

Praferably. the oonqmsltion Is deported from a soluflon In a solvent 

The aohrant for the oomposltloii may be a eingle solvent or a blend of Iwd or more 
solvanta. Preferably, the eolvertt oomprises a substltutad benzene, more preferably a 
monO" or pcriy-alkylated tienzane. 

In a second aspect, the invention provides an eiedroluminesceiit device obtainable by 
the method according to the firet aspect of the Imventkm. 

Brief Descripflon of the Drawings 

The present invenflon wm now be described In further detail, by way of esoample only, 
with reference to the acoimpan^ng drevrings In WhIcD: 

FIGURE 1 shows a prior art electroluminescent device 

FIGURE 2 shows a companaHva data of voHe^e required for a luminance of 100 od / 
for a vari^ of eledroluminescent systems. 

Detailed Deacripflon of the InvenUon 

With reference to Figure 1, the standard arcMtefdune of an opticsl ds\ncB according to 
ttte invention. In parficular an eledroluminescent device, comprises a transparent glass 
or plastic substrate 1, an anode of Indium tin oxide 2 and a cathode 4. A 
semiconducting region is located 3 between anode 2 and cathode 4. 
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Semioonducting region 3 may comprise the Aral and second materials according to the 
Invention alone, or may comprise further materieds. The first and second materials are 
preferably deposited firom soiuUon in the form of a blend, which may undergo partlai or 
total phase separation upon ev^oration of the solvent If the first or second materials 
do not provide one of the functions of hole transport or electron transport, then a further 
material providing this function may be Induded in semiconducUng r^lon 3 either as a 
separate material blended with the first and second materials as disclosed m WO 
99/48160 or as unit Incorporated Into the first or second material. In partlcuiar a repeat 
unit of a potymer as disclosed In WO 0Q/6S927. The ftirther material may also be 
provided as a separate layer vulthin semiconducting legion 3* 

Where the second material is a polymerr its functions of emission and charge transport 
may be provided by regions comprising a single repeat unit with the polymer or a 
dialn of repeat units, such as a conjugate c^ln of polyfluorene units fij(tioning as an 
electron transporting region. TTie different legions within such a polymer may be 
provided along the polymer badd^one. es per US e36a083| or as groups pendant fporn 
the polymer backbone as pw WO 01/62869. 

Where the first and second materials are polymers, they are preferably copolymers 
comprising an arylene or hetenoarylene co-repeat unit such as a fluorene, partlcularty 
2.7-linked 9.9 dialkyi fluorene or 2,7-iinked 9,9 diaiyl fluorene; a spironuorsne such as 
2J-IInked 9,9^pIrofitJorsna; an Indenofluorane sudi as a 2,74lnked Indendluorene; or a 
phenyl such as alkyl or aDcoxy substituted 1 p4-phenyiener Each of these groups may tie 
subsfituted. 

Further suitable arylene or heteroaiyiene groups are known in this art, for eioimple aa 
disdosed In WO 00/6iS927 and WO 00/46321. the contents of which are Incorporated 
herein liy reference. 

Each such polymer may be a homopolymer. copolymer, terpclymer or higher order 
polymer These copolymers, terpolymens or higher order polymers include regular 
alternating, random and block polymei^ Where the percentage of each monomer used to 
prepare the polymer may vary. 

For ease of prooessii^. it is preferred that the first and second materials are soluble. 
Substttuents such as Ci.«o alkyl or Ci.ioaiko}v may be selected to confer solubility on the 
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polymer In a parBcular solvent system. Typical solvents Include monO' or poIjMMated 
benzenes such as toluene and xylene or solvents such as tetrehydrofuran. 

SultaWo teohnlquea for depositing solutions of the first and second matarials indude 
Inkjet printing aa diadoaed in EP 0880303. spin-coafa'ng, dip-coatinfl and doctor blade 
coating. 

Two polymerisation tadiniques that are paiticulariy amenable to preparation of 
conjugated polymere from aromafic monomers are Suzuki poIymerfsaOon as disclosed 
In, for example. WO 00/63658 and Yamamoto polymeiisatlon as disclosed In, for 
example. "Maoromolecutes". 31, 109»-1103 (19S8). Suzuki polymerisaflon entails the 
coupling of hallde and boron derivative functional groups: Yamamoto polymerisation 
entails the coupling of hallde functional groups. Accordingly, it is prsfenned that each 
monomw Is provided with two reaoUve funofksne] groups P v«ieraln each P is 
Indepandanay selected from the group consisQng of (a) boron derivaiivB fumtfonal 
groups selected irom boronio acid groupa, boronio o$lb» groups and bonsna groups and 
(b) haliida HiraAiMial groups. 

Although not essential, a layar of organic hole ir\|ecQon material (not shown) between the 
anode 2 and the polymer layer 3 Is desirable because H assists hole b^jaoUon from tha 
anode into tha layer or layers of semlconducAing polymer. Bcamples of or^^o hole 
lt\)ection materials Include poly(ethyl0ne dkncyihlophene) (PEDT / P88) aa disdosad In 
EP 0901178 and EP 0947123, or potyanlUna as disdosed In US 6723873 and US 
S788170. 

Cathode 4 Is selected from materials that have a woridundlon allowing injae^ of 
electnma Into tha alactrolumlneacent layer. OVhet factora influence the sdectlon of the 
cattwda Such as tha possibility of the advarsa Interactions between tha catlioda and Wo 
aiectniluminescent material. The cathode may consist of a aingla mateital such as a 
layer of aiumimum. Aitamaflvaly. it may comprise a plurality of metals, for ecainplB a 
bOayar of caldum and aluminium as disclosed in WO 98/10621, elemental barium 
disclosed m WO 98/57381. Appi. Phys. Letl. 2002, 81(4), 634 and WO 02/84759 or a 
thin layer of dleledric material to assist electron InJecUon, for example lithium fluoride 
disdosed In WO 00/48268 or barium fluoride, disdosad in Appl. Phys. Lett 2001, 78(5), 
2001. 
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ElGctrolumtneaoent displays according to the Invention may be monochrome displays or 
fun colour diGplays (I.e. formed firom red, green and blue electroluminescent matariala). 
An electroluminescent device according to the Invention may also be used for lighting, In 
particular ad a source of vAilte light. For example, the device may comprise a blue 
electrolumlneecent polymer with means for downoonvertlng a portion of the blue polymer 
by means of red and green downconverters In order to produce witite light from a blend 
of red, green and blue emission as disclosed in, for example, US GS1S314 wherein 
douvnconvereion Is providsd by nanoparticles located within the layer oT embeive 
material or Applied Physics Letters 80(19), 3470-3472^ 2002 wherein downconverter 
particles ara attached to the outer surEaoe of the substrate of the device* 

Ejcamplea 

MQPom^r ^campies 

lUlonomers according to tiie Invention were prepared in accordance with the scheme 
below: 



Br2 




Monomer Examcle Ml: 2.7-dlbnQmQ> 9,9-dlDhenvHIUQrena 
2,7-*DibrDniofluarenone 
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In a 3L flange flaak fluorenone (100.00Bg. 0.555 mol). phosphoms pentojdde (1 10.l48g, 
0.776 mol) and trimelhylphosphate (1200 mL) were mixed. Under mechanical sHning. a 
solution of bromine (63 mL, 1.23 mol) In trimethylphosphate (200 mL) was quickly 
added. This drar solution was then heated for 22 hours at 120 'C. The mixbira was 
allowed to cool to room temperature, then poured into SL of water. When sodium 
thtosutbte was added (S0.045g) the mixture turned yellow. Stirring was maintained fbr 1 
hour then the yeOow aolld was fltterad. This solid was heated In methanol to iwnoviB the 
mono-tjromlnated compound and gam 17e.183g {08% pure by HPLC, 04% yield). 

'H NMR (CDCIa) 7-73 (2H. d. J 2-0), 7.81 (2H. dd. J 7.6. 2.0). 7.36 (2H. d. J B.0); ^'C 
NMR(CDCI,) 142,3, 137.6, 135.3. 127.9, 123.3, 121.8, 109.8. 

4^'-Dibromo-2«artioacylte asid-1, 1'4ilplienyl 



In a 2L flange flask 2.7-dlbromofluorBnone (120.52eg, 0.358 mol), potassium hydroxWe 
(finely powdered flakes, ie8.327g, 3.000 mol) and toluene {MO mL) were plaoed. This 
mixture was heated at 120 "C for four hours then left to cool to room temperature. Water 
wae added to dissolve the solid 2L) under vigorous aUrrfng. The greenish aqueoua 
layer was removed and the yeltow toluene layer was wasihed twice mMi water. The 
oomt)ined aqueous layers wero addlfled with oonoentrated hydrodiloric add then the 
precipitated solid was filtered, dried then reciystollised from toluene to give 100.647g of 
off white oyetels (78% yield): 'H NMR ((CD3)2CO) 8.00 (1H. d, J 2.0), 7.77 (1H, dd, J 
8.0. 2.4). 7.57 (2H. d. J S.0), 7.34 (1H. d, J 8.4). 7.29 (2H. d. J 8.8) ; ''C NMR 
((CD,J,CO) 167.1, 140.4, 139.8, 134.2, 133.5. 132.8. 132.7. 131.2, 130A 121 4, 121.1, 

Metliyl eafer of 4,4'-dibromo-2-carboxylle acid ^,1 *4ilpheiqfi 
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COfiMe 



If 



4,4-ctibromD-2-carbo]^ic acid biphenyl (171.14g, 0.481 mol) was suspended In 
methanol (700 mL) and suHurlc add <15 mL) then heated at 80 "C for 21 hours. The 
solvent was removed and the oil was dissolved in ethyl aceteto. This solution was 
washed with 2N sodbim hydroxide, wal^r, saturated sodium chloride, dried over 
magneafum sulfate, filtered and evaporated to give an oranea oil. This oil was treated 
with hot meSiartoi. on oooling the ester pnedpitated out and was filtered. The motfiar 
liquor was evaporated and the solid iBcrystallteed giving additional prtiduct The ester 
was 100% puro by GCMS, a yield of 123.27g (60%) was obtained: NMR (CDCb) 7.99 
<1H. d. J2.0), 7.64 (1H. dd. J 8J». 1.6), 7.51 (2H. d, J 8.4), 7.19 (1H, d, J 8.8). 7.13 (2H. 
d. J 8.8) , 3.67 (3H, S) ; NMR (COaa) 187.1. 140.8. 139.1, 134.4. 132.9; 132.1, 
132.0. 131.3. 129.8. 121.0, 121.5. 52.3; GCM^ IWT 370 

4,4'xdibromo-2-dlphanyl alcohol -l.l'-bliritenyl 



4y4-dlbromo-2-methyl esterJiiphanyl (24.1 14g, 66.1 mmol) was dissolved In dry diethyl 
ethar (120 mL) and the solution was cooled to -60 °C by using an ieoprapanol/dry Ice 
bath. Phenyl IHMum (1.8M soiuHon in cydoh»(«w-ether, 91 mL) was than added 
droiiwlse. The mixlufe was stiired and 1^ to wamn to room temperrture. The reacfion 
was complsta after four hours. Wafer was added (70 mL) than the aqueous layer 
-vt^shed-onoe-with-dlethyl-ether^r-GonAbiitedHniganie-plw 

chloride, dried over magnesium sulfate, filtered and evaporated to give a yellow powder. 
Recrysteinsatlon from teopropanol afforded 19g of white solid (69% yield);QC-MS (mfz, 
relative Intensity %) 494 (M*. 100):'H NMR (CDCIa) 7.43 (1H. dd, J 8.4, 2.4), 7.26 (AH, 
m), 7.23 (2H, d, J 8.0), 7.1 1 (4H, m), 6.99 (1H. d. J 2.4), B.94 (1H, d, J 8.4), 6.61 (2H. d. 
J 8.4) : "C NMR (CIDCIa) 147.5, 146-7, 140.3, 139.3, 134.0. 133.0. 131.2. 131.1, 130.3, 
128.2. 128.1. 127,8, 121.8, 121.3.83.2. 



Bi 
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The arcohol (69.1688, 140mmol) and gteicial aoefUc acid (460ml) were sHrred and heated 
to reflux, then coneentraiad hydiochloric add (0.5iiil) was added dropiwisa. Whan the 
addiflon was completed the mbdure was heated for one hour and then cooled. The 
readion mixture w» ppured Into water (SOOml), after which Vtxe solid was filtered off. The 
■white solid was recryetalllsed Irom n-butyl aoelalie three times to give 20.0% of desired 
product (99.69% by HPLC. 30% yield). 

NMR (CDCI3). <5/ppm: 7.58 (2H, d, J 7.6). 7.49 (2H. d. 1.2). 7.48 (2H, dd. 1.6). 7.25 
(eH,m)^7.14{4H.m). 

''C NMR (CDda). Slpfm: 1B3.2, 144.6, 138.3. 131.1. 129.6. 128.7, 12a2. 127.4. 122.0, 
121.7. 66.8. 

Monomer Ex amples M2>.M4 

Monomes with Ar groups a& detailed in the table below were prepared In eccxinlance 
with ttia scheme and general experimental process outlined above. Aiyltithhim 
compounds ooaespondlng to Ar groups shown in the table were prepared from the 
conesponding aryl ttromide. 



Monomer 
examoleno. 


Ar 


Yield or 
monomer 


M2 




90% 
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M3 - 




24% 


M4 




22% 



PorvmerBcartintePi 

A blue electroIumJnesoenit polymer accooJinfl to the invention was prepared in 
accordance with the process of WO 00/53656 by reaction of 9,9<«-iK)c^fluomne.2,7-di 
(ethylenylboronate) (0.65 equlvalonts), 2.7-dibromi>-fl,&^rph©ny|fluorene (0.30 
equivalents) and N,N'^(4-bromopheiiyl)-NJ^I'<li(4-n-biilylphenyl)-l,4<Bamln^ 
(0.05 aqidvBlents) to give polymar PI : 




PI 



Datriea Example 



Onto indium fin oxide suppoitod on a glass aubstrats (av^llabie from Applied Films. 
Colorado, USA) was deposited a layer of PEDT / PS6, available from Bayer €> as 
Baytron P €> by s pin coatirtg. A solution of a blend of TFB and pob^er PI wbib 



-depositea over ttie PEDT / PSS iB^et by splrMnating. Onto the polymer Pi was 
deposited by evaporation a cathode consisting of a first layer of barium and a second, 
capping iayer of duminlunti. 
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DsvloM acoortling to the invention were made according to the fleneral procedure using 
a range of PI :1TB ratios and diffiBrBnt aolvente. For the purpoeea of oomparison, a 
devioe comprising no TFB was made. In eacli case, at least two devices were irade. 
D8H4ces were driven at 800 od / ro*. 



PI :P8-TFB ratio 


DeposMon solvent 


LtfeUma (hours) 


80:20 


ortho-xyl^id 


74, 77, 78 


95:5 


ortho-xylene 


69,01.70 


60:20 


anidOle:cyck}he}^enzene 


107,95 


100:0 (comparafive) 


o-xylene 


21,18 



As can be seen tram the results. irfiatimB of devices comprising a blend according to the 
invention show around a four- to five-fold increase in lifetime. The efftect of using a 
different solvent on lifetime Indicates Hiat phase separation eftecle in the blend pl^ a 



role In determining device performance. The Improvement In lifetime of PI by blending 
with F8-TFB copolymer Is surprising given that rsmowal of TFB urtte from potymer (a) 
described above was previously found to Impnwe Htetlme, and given than unblended 
polymer» have pravloudy been found to aftorti superior fifetimes as compared to 
blended polymere. Without wishing to be bound by any thaoiy, II is beUeved that the 
bittid accoidtng to the invention undergoes veitioal phase separa^ such that F8-TFP 
oopciymer migiBtea towards the anode side of the device which wouW, in effect, result in 
tomiatlon of a hole tranaporting layer of FB-TFB located betwween the anode and the 
elecdrolumlnescent layer which would also act to serve as a barrier against Ingress of 
ImpuriBes from FTO and / or PEDOT into the electroluminescent material.. Deposition of 
a hole transporting layer followed by an electrolumlneaoent layer is well knovim in the art, 
however the present Invenfion enables formation of a hole transporting layer and an 
electroluminescent layer In a ona-step process. Furthennore, the present invenfion 
takes advantage of phaao-aeparaUon effecds in order to. In effect, form a muifflaytf 
device thus oveicoming the afaramentionad dtffloulty in fomriing muitllayerB of solution 
ppoces s aM e materials. 
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Drivpyoitafl^ 

As can be seen ftom Figure 2, a reduction In drive voltage la acAlaved for the blended 
systems according to the Invention as compared to the oontroL A reduction Is obtained 
across a range of different TPB : Polymer 1 ratios end for different solvents. 



Quantum effldencv 



Example 


Solvent 


Maximum 
quantum 
efficiency (%} 


Quantum 
efRciency 100 
0d/m2(%) 


Comparative polymer 


orth^xylene 


0.6 


a4 


P1:TFB 10D:0 (comparative) 


ortho-xyiene 




2.25 


P1:TFB a0:20 


ortho-xylene 


3.0 


2.3 


PI :TFB 80:20 


anl8Qle:cyidohexylbenzene 
S0:50 


3.2 


2A 



As can be seen, there Is a significant Increase in maximum quantum efRcfency for 
blended systems according to the Invention as compared to polymer P1 alone, as well 
as a marginal Increase in quantum efficiency at 100 cd / m^. More notable Is the effect 
of r»noving the TFB' repeat unit from the compdietive polymer (structure shown below) 
Id give polymer PI, and providing the TFB" component as a separate material rather 
than as a component of the same polymer. 

Compar ison of devices containing pol ymers CI and P1 alona show that r emoval o f 
TFB' repeat units from polymer CI results in a significant improvement In perfomiance. 
In >riew of this. It Is surprising that the Inclusion of ''TPB" in the fbnm of the hole 
transporting material F8-TFB should Improve device performance, and again Indicates 
the advarrtagaoua effect of phase aeration. 
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Com|>arativ« polymer CI 

Although the present Invention has been described In lemia of specific exemplary 
embodiments, It vflll be approdsrted that various modlflcatlona. alterations and / or 
combinations of features disclosed herein vnll be apparent to those skilled in the art 
without departing *om the epirit and scope of the Invention as set forth In the foHowbig 
daims. 
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Claims 

1 ) A method of forming an electroluminescent device oomprislng the eteps of: 

- providing a substrate comprislnlg a fir^t electrode for injecUon of charge 
carriers of a fii^ type 

- fbimlng a semloonducfing region by depositing onto the substrate a 
GomposlUon comprtstr^ a first nnaterlal fbr traneporHng chaiige carriers of the 
first type and a second material for emission and transporting charge carriers 
of the first type; and 

deporting over the semiconducting rsglm a second electrode for InjeisfUon of 
chaiige carriens of a second type. 

2) A method according to claim 1 whensln the first electrode Is an anode; the 
second electrode is a cathode; the charge carriers of the first type are holes and 
the charge carriers of the second type are electrons. 

3) A method according to claim 1 or 2 wherein at least one of the first material and 
second matedai are fiolymers. more pnafarabiy coiUugated polymers. 

4) A method according to d»m 3 wherein the first material oomprlaee an optionally 
eubetltuled repeat unit of formula (I): 



-At N Ar- 

I 

Ar 

(I) 



wherelh-each^AMs-lndqaenclently-setected-^tom^^ a ryi or- 

heteroeryl. 

5) A method according to daim 4 wherein each Ar is optionally substftuted phenyl. 

6) A method according to dalm 5 wherein the first repeat unit comprises an 
optionally substituted repeat unit oFlbmHiia (II): 
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R 



Wherein each R is sBleciad from hitirDsen or a substituent 

7) A method acf»ndlng to dalm 6 wherein the repeat unit of formula <I0 oomprleea a 
single nitrogen atom In Hs backbone. 

8) A method according to any one of claims 3-7 wherein the second material ie a 
polymer comprising an opUonaUy substituted repeat unit of fomnula (III): 

^Ar^ — N Ar^— — Ar^ 

(Ml) 

wherein each Ar** Independently represents an opilonally substituted aryl or 
lieteroaryl. 

8] ' A method according to dalm 8 wherein each Ar^ is opiksnally eubatttuted phenyl. 

10) A method according to dalm 9 wherein a the fbst repeat unit oomprlees an 
optionally substituted repeat unit of fomuda (IV): 
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11) A mtfhod according to ^ny ona of claims 3-10 wherein at least one of the first 
and second componants is a polymer comprising a further repeat unit selected 
from optionally substltutad fluorene, splrafluorene, indenofluorene, phenylene or 
oligophanylene, preferably fluorene, mora pnaferably 9,&<[lsilb&tltuted fluorene- 
2,7-dlyl. 

12) A method according to claim 11 wherein the further r^eat unit l9 selected from 
optionally substituted repeat unite <tffonnuIa (V): 




wherein eac^ is independently selected from optionally sulietltuted all^t, 
alkoxy. aryl and heteroaryl, and the two groups may be linked. 

13) A method according to any preceding dalm wherein tha aacond material Is 
capable of electroluminescence in the wavelength range 400-500 nm, most 
preferably 430^0 nm. 

14) A m^hod according to any preceding dalm wharein tfia first matarlal : second 
matedal raflo is In the range 5:85 ^ 30:70, mors prsfen^b ^ 1 0:90 - 20:80. 

15) A method according to any preceding dalm wharein the competition is deposited 
from a solution in a solvent. 

16) A method according to ctelm 16 wherein flie solvent oomprtses a substftuted 
tsenzene. 



17) A method according to claim 16 wherein the solvent comprises a mono- or poly- 
allqrtated benzene. 

IS) An electroluminescent device obtainable according to the method of any 
preceding claim. 
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